Abstract Iris yellow spot virus (IYSV) is a infects onion bulb and seed crops in many countries including Egypt. Results of the mechanical inoculation reveled that, small chlorotic lesions and systemic necrosis were observed on both Nicotiana benthamiana and Datura stramonium after 10 days, while there were no symptoms were appeared on the onion plant. The viral biological transmission with Thrips tabaci was highly reported to be efficiently for virus transmitted. Our results confirmed the presentence of viruslike particles of a Tospovirus infected onion leaf using transmission electron microscopy. Both of sequence and phylogenetic analysis of N gene revealed that our viral isolate is IYSV with 95 % identity with reported Israel isolate. The sequence of N gene had three motifs: casein kinase II Phosphorylation site, N-myristoylation site and protein kinase C phosphorylation site. These motifs are involved in regulation, activity and stability of IYSV. To our knowledge, this is the first molecular characterization of IYSV in Egypt.
Introduction
Onion (Allium cepa L.), is one of the most economically important vegetable crops cultivated in many governorates in Egypt [1] . It is grown mainly for its bulbs, which are stored to meet the increase in demand for both local consumption and export. The annual production and storage losses in onions as a result of diseases can range from insignificant amount to more than 50 %, depending on the location, environmental conditions and the causal agent [2] .
Iris yellow spot virus (IYSV), genus Tospovirus, family Bunyaviridae, is an economically important viral pathogen of onion in many onion-growing areas of the world and is transmitted by onion thrips (Thrips tabaci) [3, 4] . Recently, IYSV spread rapidly in several onion-growing countries all over the world. Once, IYSV established in an area, it spread rapidly in onion crops. For example, in Colorado, its incidence increased from 6 % in 2001 to 73 % 2 years later [5] .
Disease symptoms of IYSV appear as chlorotic, eye-like or diamond-shaped lesions, or necrotic, straw-colored to white, dry, elongate or spindle-shaped lesions frequently more numerous in mid-to lower portions of the scapes [6, 7] .
Unlike Tomato spotted wilt virus that has numerous indicator hosts by mechanical inoculation, IYSV has a narrow host range, and its mechanical transmission in hosts is difficult [8] . In tospoviruses, the most common gene sequenced is the nucleocapsid gene and sequence comparisons have proven useful in the identification and classification of the viruses [9] . To date, no information is available on the nucleotide sequence of the N gene of IYSV isolates from Egypt. According to the economic importance of this virus and due to its disaster impact on the onion yield in Egypt, it became necessary to characterize and identify the virus in both infected onion field and it's biologically vector, as a step to control the vigorous distribution of the virus between the Egyptian governorates.
Materials and methods

Viral isolate
Egyptian onion IYSV was previously detected in Egypt [1] . The onion tissues that showed the viral symptoms were used in this study as the source of inoculums.
Transmission studies
Mechanical transmission
IYSV-Egypt strain was maintained in Nicotiana benthamiana and Datura stramonium L., by mechanical inoculation. Mechanical transmission was performed by homogenizing IYSV-Egypt infected plant tissues with symptoms in 10 mM sodium phosphate buffer (pH 7.0), containing 0.1 % sodium sulfite [10] . Inoculated plants were kept under greenhouse conditions and observed for virus symptoms development.
Thrip transmission using viruliferous insects (Thrips tabaci L.)
A virus free culture of the adult thrips was grew and pregame were observed as individual on bean pods to lay eggs. Newly hatched larvae were collected and reared on bean pods [11] . Groups of virus-free thrips, newly hatched larvae were placed on IYSV-Egypt-infected D. stramonium L. plants with symptoms for 2 h and then transferred to healthy onion seedlings in another cage for 24 h. Subsequently, thrips were killed by spraying with 0.01 % Malathion and plants were observed for developing virus symptoms for 4 weeks. Uninfected, healthy onion plants grown in an insect-proof greenhouse were used as negative controls.
Electron microscopy examination
Ultrathin Sections (2 9 1 mm) were excised from symptomatic young leaves of onion and fixed in 2.5 % glutaraldehyde buffered with 75 mM potassium phosphate, pH 7.0, for 2 h. Samples were then rinsed in the same buffer and postfixed in 1 % OsO 4 for 3 h. After a buffer rinse, the samples were dehydrated in a graded acetone series, embedded in an Epon-Araldite resin mixture, and polymerized as described by Birithia et al. [12] . Sectioned material was stained with uranyl acetate followed by lead nitrate and examined for virus by electron microscopy.
RT-PCR detection and sequence analysis
Total RNA from healthy and infected onion tissue was extracted using RNeasy Mini Kit according to manufacturer's instructions (QIAGEN, Germany). The first strand cDNA synthesis was performed in a total volume of 25 ll. The reaction mixture contained 2.5 ll of 5 9 buffer with MgCl 2 , 2.5 ll of 2.5 mM dNTPs, 4 ll from oligo (dT) primer (20 pmol/ll), 2 lg RNA and 200 U reverse transcriptase enzyme (M-MLV, Fermentas, USA). RT-PCR amplification was performed in a thermal cycler (Eppendorf, Germany) programmed at 42°C for 1 h.
The synthesized IYSV-Egypt cDNA was subjected to PCR amplification using IYSV-N gene primers; forward (5 0 -TAAAACAAACATTCAAACAA-3 0 ) and reverse (5 0 -CTCTTAAACACATTTAACAAGCAC-3 0 ) reported by [9] . The PCR reaction conditions were initial denaturation at 95°C for 2 min, followed by 34 cycles at 95°C for 1 min, 52°C for 1 min and 72°C for 1 min. Final extension at 72°C for 10 min. The amplification product was sequenced directly after the purification with PCR clean up column kit (QIAGEN, Germany). The nucleotide sequences of the amplification products were deposited in GenBank and compared with those of previously reported IYSV isolates.
Results
Symptomatology of IYSV-Egypt and cytopathological effects
Small chlorotic lesions and systemic necrosis were observed on leaves of IYSV-Egypt inoculated D. stramonium, and N. benthamiana plants 10-12 days post inoculation (Fig. 1) . The lesions gradually increased both in number and size and spread throughout the inoculated leaves. Symptoms appeared on D. stramonium earlier than those of N. benthamiana. Symptoms developed on infected onions by transmission with viruliferous thrips were identical to those observed on naturally infected plants include straw-colored, chlorotic, and necrotic lesions on leaves (Fig. 2a, b) . These plants were observed for symptom development for 4 weeks, and IYSV-Egypt transmission was ascertained by RT-PCR.
In ultrathin sections of onion plants that acquired the virus through transmission by viruliferous thrips, numerous spherical particles were observed (Fig. 2c) .
RT-PCR for the viral N gene
When total RNA of IYSV-Egypt infected plants (D. stramonium, N. benthamiana or onion) tissues was subjected to RT-PCR amplification using the N gene tospoviruses universal primers, an amplicon with molecular size of 1,100 bp was observed only with infected tissues of each plant species (Fig. 2d) .
Nucleotide sequence and sequence analysis of nucleocapsid gene
The nucleocapsid gene of IYSV-Egypt from onion evaluated in this study was successfully amplified, sequenced and submitted to GenBank with accession number KC161369 (Fig. 3) . Bioinformatics tools used to analyze and identify several motifs from the whole proteins of plant viruses. Motifs are typically 6-30 amino acids and correspond to its active site, substrate or ligand binding site and structurally important segment of proteins. In the nucleocapsid protein of IYSV-Egypt three motifs were detected. These motifs are Casein kinase II Phosphorylation site (6 sites), (N-myristoylation sites (5 sites) and Protein kinase C phosphorylation site (10 sites). These motifs are involved in regulation, activity and stability of virus.
Discussion
In Egypt onion is the third vegetable crop consumed by public and is one of the main and most economically important crops cultivated in many governorates. According to [13] Egypt, Russian Federation, Iran, USA, India and China were considered the top six onion-producing countries in the world. IYSV is among the important viruses that cause devastating losses by reducing either the yield and/or quality of onion crop. Tospoviruses, ascribed to the family 'Bunyaviridae' [14, 15] are serious viral pathogens affecting many important agricultural crops [16] . The annual losses due to tospoviruses are estimated at over one billion USD [17] . In Egypt tospoviruses are rapidly spreading and expected to become a major constraint on yield potential of various crops. Studies on biological characteristics of IYSV have been limited due to difficulties in obtaining consistent and reproducible mechanical transmission and lack of indicator hosts. The results from our study with IYSVEgypt revealed that small chlorotic lesions and systemic necrosis were observed 10-12 days post mechanical inoculation of two plant hosts, D. stramonium and N.
ATG TCT ACC GTT AGG GTG AAA CCG TCA GAA ATC GAG AAA CTT CTG TCT GGC GGA GAT
ATT GTT ATT CCT AGT GCT TGT GTT ATG CCC AAT CAA GAC GAT TGG ACA TTC AGG AGG benthamiana. Similar chlorotic and necrotic local lesions symptoms were reported in infected Datura and Nicotiana plants [18, 19] . Symptoms that developed on infected onion plants after IYSV-Egypt transmission by viruliferous thrips were identical to those observed on naturally infected plants which include straw-colored, chlorotic, necrotic lesions and irregular lesions with occasional green islands. On the other hand, after mechanical inoculation, no symptoms were observed on the inoculated onion plants. These results were similar to those obtained by Gent and Pappu [6, 7] . In ultrathin sections of IYSV-Egypt-infected onion leaves, spherical particles were observed within membrane-bound vesicles only in symptomatic tissues of infected plants. Similar results were obtained by Kritzman and Kritzman [20, 21] . Plant tissues obtained after IYSV-Egypt transmission with viruliferous thrips gave positive results with the IYSV antiserum (data not shown). In view of this, ELISA samples were tested by PCR using the N gene specific primers. Comparative sequence homology in the present study has shown that the onion IYSV-Egypt shared maximum sequence identity with other IYSV at nucleotide (95 %) as well as amino acid (95 %) levels. Phylogenetic analyses based on amino acids IYSV N gene sequences may point to introduction of the virus into a particular region or country, the continent or the occurrence of gene flow from one country to another. Sequencing and phylogenetic analyses of more isolates would provide additional information on the implications of high genetic diversity among IYSV isolates worldwide. Thus, sequences of the N gene of IYSV-Egypt showed a close relationship with the Israeli strain. The high significant homology with the Israeli 95 % in the amino acid sequence can be attributed to a recent introduction of IYSV from one country to another. Since, the virus probably was introduced into Egypt from Israel via ornamental propagation material. However, the divergence of the amino acid sequences from those of the Egyptian virus strain 5 % may reflect adaptation to different hosts and environmental conditions. In view of the wide distribution of IYSV in onion fields in Israel and the abundance of the thrip vector on onions, it is suggested that the virus was introduced from Israel to Egypt by the thrip vector.
